Background
Tropical forests contribute about one-third to global net primary production (NPP), making them one of the most productive ecosystems on earth (Field et al. 1998 Forest carbon conservation schemes, such as Reducing Emissions from Deforestation and forest Degradation plus enhancement of carbon stocks (REDD+), suggest that rewarding forest users through incentives could be an effective means to both protect and/or enhance forest stocks and reduce GHG emissions (Murdiyarso et al. 2010 ; Barr and Sayer 2012; Kissinger et al. 2012) . Following this trend, current research on how land-use change affects the C cycle focuses on GHG measurements and the quantification of aboveground biomass C stocks. Fine root dynamics and their influence on the belowground C cycle are less frequently studied in forests or agriculture and similarly, studies on how land-use change affects fine root dynamics are critically lacking. Identifying the research gaps in how land-use change affects fine root dynamics in tropical forests could prioritize this topic in carbon cycle research and thus help to more accurately quantify GHG emissions from land-use change.
Despite their important role in global C cycling and accumulation, our knowledge of fine root dynamics is still limited Finér et al. 2011 ). Pan-tropical estimates of fine root production range from 75 to 2193 g dry matter (DM)m -2 y -1 . Species composition, soil nutrient content, temperature and precipitation, among other factors, explain some of the variation in fine root dynamics between study sites . Recent reviews on fine root dynamics incorporate only a small number of studies and have limited overlap between cited articles ( Figure 1 , Table S1 ). To date, only the review by Hertel and Leuschner focused specifically on the tropics, whereas the other reviews were conducted at a global scale (Nadelhoffer and Raich 1992; Vogt et al. 1995 ; Gill and Jackson 2000; Finér et al. 2011 ). The scoping study of this systematic review identified more than double the amount of potentially relevant studies on fine root dynamics in tropical and subtropical forests compared to the amount of studies included in past reviews ( Figure 1 ). This systematic review aims to understand the effect of land-use change from primary forests to degraded forest to agriculture on fine root dynamics across the tropical regions of the world. The review will identify, appraise and synthesize current knowledge in the field; it aims to discuss the current methods used in fine root dynamics, their potential biases and quantify the magnitude of differences in fine root production, mortality and decomposition estimations between forests and agriculture. 
Objective of the review
Gill and Jackson (2000) Hertel and Leuschner
Finer et al.
This review* 
Primary question
How does land-use change from primary forest to degraded forest to agriculture affect fine root dynamics? (See Table 1 ).
In particular, we will address the following subquestions:
A. What is the effect of forest degradation on fine root dynamics?
Different stages of degradation (e.g. low, medium and high disturbance) may be defined by reduction of basal area of a particular stand compared to an undisturbed reference forest, but will depend on the data available (to be determined after the data extraction is completed and analyzed accordingly). 
B. What is

Secondary question
What is the methodological variability in estimating root production in tropical forests?
Estimated production rates will be grouped by different methods, regions and land-use types. The variability between methods will be assessed by comparing the different means estimated by more than one method from similar sites with each other (i.e. MR vs. IG, MR vs. SC and IG vs. SC). 
Search strategy
The literature searches will be conducted in English. However, if only the title and the abstract are in English and the full text is in another language, it will be translated. No restriction of publication year will be applied.
Search terms
A scoping study was conducted in January 2015 using Web of Knowledge (WoK), CAB Abstracts and Scopus to identify a comprehensive search strategy ( Table 2 ). This resulted in 6376, 8346 and 8926 hits for the abovementioned databases, respectively. The search iteration was compared against a test library, which contained all references from Hertel and Leuschner (Hertel and Leuschner 2010) and Finér et al. (Finér et al. 2011 ) (Table S2 ). In the final iteration of the search, 18 of 20 studies were included and one study ) that did not include fine root dynamic estimates, was missing.
The search terms within each category of 'Subject/ Population', 'Outcomes', 'Geographical focus' and 'Exposures' will be combined with the Boolean operator 'AND'. The use of Boolean operators and truncations will be modified according to the requirements of the bibliographic databases and recorded in an appendix of the full review. All retrieved records including the abstract will be exported to EndNote, cleaned for duplicates and screened according to the inclusion/exclusion criteria explained below.
Internet searches
The following Internet search engines will be used with a modified search string.
• Google • Google Scholar • Scirus.
The first 300+ hits for each search will be recorded and examined for relevant data.
Specialist searches
No additional searches will be conducted apart from those listed under 'Internet searches' as it is anticipated that gray literature on fine root dynamics will be limited. Experts in the field of fine root dynamics in tropical forests and agriculture will be contacted and invited to suggest the inclusion of any additional studies to ensure comprehensiveness of the evidence base. All relevant (peer-reviewed or unpublished) literature will be screened for possible inclusion. Furthermore, the bibliographies of included articles will be searched for other relevant studies that were not retrieved using the agreed search strategy.
Study inclusion criteria
The screening of articles for relevance will be conducted in three different stages using the inclusion/exclusion criteria described below. Once all articles are retrieved, they will first be screened by title only. The second stage will screen the selected articles by abstract, and the third stage will screen by full text. A randomly selected subset of 100 articles will be used at the first and second stage of screening to test consistency between two reviewers, using a kappa test of agreement (Pullin and Knight 2003). A score of 0.6 or greater will be used as sufficient reviewer agreement. Disagreements will be discussed and the inclusion/exclusion criteria will be adapted accordingly, with any changes noted for the full review.
Studies will be included in the review if they fulfil the following criteria:
Relevant study subject: primary studies (e.g. cohort studies, case-control studies and cross-sectional studies) that measure one or more component of fine root dynamics, i.e. root production, mortality and decomposition, in primary forest and/or degraded tropical forest and/or agricultural systems. Study sites must be located in the tropics/subtropics (± 23.4°S and ± 30°N, respectively).
Relevant study method/design: studies used relevant, transparent and repeatable quantitative methodology, i.e. the SC and/or IG and/or MR method.
Relevant study comparators: degraded forests and/or agricultural systems. An ideal study would compare primary forest with degraded forest and an agricultural system, but those types of studies are rare. Consequently, we will accept studies that have a reference site close enough to the primary forest site so that the ecological conditions remain similar.
Relevant study outcomes: estimates of fine root dynamics, i.e. root production and/or root mortality and/or root decomposition rates.
Exclusion criteria: pot or greenhouse studies; studies only on seedlings; epiphytes or mycorrhizae/fungi; studies that only include root biomass; or studies using only models and simulations.
Potential effect modifiers
Effect modifiers, which might influence the outcome of relevant studies, included:
• methods (e.g. SC, IG, MR)
• type of tropical forest (lowland, premontane, montane) • soil nutrient content (e.g. N, P, K) • climatic variables (e.g. precipitation, air and soil temperature, length of dry season).
The above is a preliminary list, which may expand or reduce during the course of the review process. Potential modifiers and their effect on measurable outcomes will be discussed and documented during the review process.
Critical appraisal
After completion of full text screening, the remaining studies will be assessed for robustness of their study design. The appraisal will be based on sampling period, number of replicates and sampling depth. Each study will be placed into one of three categories: below acceptable quality, acceptable quality and high quality (Table 3) . Two researchers will first critically appraise a subset of 20% of the included studies and calculate a kappa score. Upon agreement, one researcher will carry out the complete assessment.
Where studies have missing or abbreviated data sets, the reviewers will request the additional data from the authors. Any studies that are rejected during the critical appraisal process will be listed in an appendix to the review, and the reasons for their exclusion will be included.
Data extraction strategy
Metadata will be recorded in a spreadsheet with the following predefined categories:
• Authors of incomplete records will be contacted or other studies from the same study area will be used, to retrieve missing information. We anticipate that not all information will be accessible, hence subsamples with complete records of the different effect modifiers in the data set will be analyzed accordingly.
Data synthesis and presentation
This review will use a quantitative synthesis to describe how land-use change from tropical forest, degraded forest and/or agriculture affects fine root dynamics. A meta-analysis will be conducted on the subgroups, i.e. root production, root mortality and root decomposition, to show the effects of land-use change on the different components of fine root dynamics. We expect that the effects of land-use change from forest to shifting cultivation on fine root dynamics in Africa will be impossible to assess because of the data limitation on the different types of shifting cultivation practices used, which are very region specific.
The meta analysis will use R software (R Core Team 2014). Different weighted effect sizes will be computed to test for differences in fine root Fine root dynamics within land-use change from tropical forests to agriculture 7 production, fine root mortality and fine root decomposition between land uses, including tests for heterogeneity and temporal changes of the effect sizes. A test for publication bias will be conducted and if a bias is present, adjustments will be made using the trim and fill method (Duval and Tweedie  2000) . Finally, a sensitivity analysis will be carried out to test for robustness of study design using the environmental risk of bias tool (Bilotta et al. 2014).
Results from each method (i.e. SC, IG, MR) will be synthesized separately and the results from studies using a particular method will be compared to assess the differences between methods across regions and/or land-use types. The overall synthesis will show how the different land-use change trajectories affect fine root dynamics and how the differences in methods assessing fine root dynamics may influence these estimates.
This could be a first step in improving our current knowledge on the contribution of fine roots to the terrestrial C cycle within the land-use trajectory from forest to agriculture in the tropics. Furthermore, this review could help to more accurately quantify GHG emissions from this particular land-use change, which is required in the context of forest carbon conservation schemes such as REDD+.
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